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(54) OPTICAL ELECTRODE AND DYE SENSITIZING 
TYPE SOLAR BATTERY HAVING THE SAME 

(57> Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
electrode having a superior incident light absorbing 
efficiency and a dye sensitizing type solar battery 
having a superior energy conversion efficiency. 

SOLUTION: The optical electrode 10 has a 
semiconductor electrode 2 with a light receiving surface 
F2, and a transparent electrode 1 arranged on the Hght 
receiving surface F2 so that the transparent electrode 
is adjacent to the semiconductor electrode. The 
semiconductor electrode 2 comprises a plurality of more 
than three layers, each of which contains oxide 
semiconductor particles as a semiconductor material. The 
average particle diameter of the oxide semiconductor 
particles included in each layer increases from the most 
inner layer 21 arranged in the closest position to the 
transparent electrode to the most outer layer 22 
arranged in the farthest position to the transparent 
electrode. 
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■tz>ztiz&&. zcoxmm 1 2 IZ&UX It. ±I5«« 

Jt$:^-^4^fls«fii2*{ii.l>^ttci'7. 3I£¥*¥ 

#mm2 niz&n&AMftnmm^fat-hmeitix 

[0056] LT. -T^mffi 1 2 £«£fcf5»tt8 
SbfclTOfc (»t^f ) (4. 2JitfW401 

(,z5k Lfz&mmmtkmmm 1 o t fmmmg&irt 

j*^fc3K«« i Qms&mmmL±ffimm.2 o t rj«o 
■xmiz i o sst £ fc * j t# ^, . 
[0057] mwemmi wt. 06 St^l^t** 
h*micttm&<?mEgmMmiz^xmwtz. % 

^s^cov%T{4iii-^-^^#L. mm-zmmim 

1611 ^Hj^^g^^HHSfi^O^ 

[0058] *mimm<7mnm 1 3 (E^-r) {4. 
0 6 tc^-r 4 0 i,z . ^^f^® 2 <7>ft&m 2 3 
^^f*^^' 1 w&^mtwtmwm-p 3<wc*> 
9 . mmcom 2 2 s-wiR-rs^NMMW** 1 agi^i 
itwmwm- p 4 o^Tj> s mi* . 0 1 tc^-r^m 

«104:B«tf9«jS*WLT^S. =5rt5. ^o^. ft 

^{•gp^® 2 2 s-^-rsiKk^^^p 4 
mmitwtmmtf- p 3 0 1> < 

m2 2izfrvximii-t&zbiz%&. ;<%ttii3t 
fe^TJi. ±i£«7)ffijt^w-r^^»f*cm®2^iix..i»i 

^cO(6]±^'04>ixTV^„ 

[oo59]^lt. 3£ffiiti&mmm 

fc* L^fe«m»*:^«?fe 10t lal^^^^wr 
^. 4fc« 3K««13at^3e««13*«ifcfBW»S 
S±H«?fic7)Mjt^«{4^tc|5B^$ix^. flflitf. **z 
WVZKXBk 1 0Sl/fe5giligS*l^«?fi2 0 t mm?) 

Mti 0 ssjrr a - fc *>t# -s . 

[0060] IJLt. *%BBc7)^^Hi|^®{COt%TUi 

[0061] m*-i$. iittmm&mizti^xiz. 3m 

t&&rnm®m±mnmz^\,^xmwLKi)K *$lw<k 
ftm@RxS'&mm!£m±mnm* ztiizmfeztiz t,^ 
T«4^rv^ mm. xmiemmmi. muz^-tie^ 
mi4<7)£oiz, 4 m&L±.v>mfr t>mmz ntz^mikm 

®2£ffiz.&ffi&.ZGLX\ l ^Xi>£\.\ mti$. muz 

Tjk-tymMi 4cr>*mwm&2ii. m.ft&<nm2 1 tm 
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n$&m 2 2 k . grtSS^il 2 1k WMUnmi 2bV> 
mizWlMZti&ftUm 2 3&1/2 4 k#>£>ffj££flT W 
^#fltm@2^4oc7)Jlt^ 

2 1 *>4>iwspo* 2 2 {cjwcitiairr* i 3 izm 

[0062] 

sa*. *ftWizzti^comm®nzmt>m$LZtL&i><r>x' 

too63] mmm i > anz^mmz x 0.05 
fry* Lizt/tmm 1 2 1 mrncoffifcztt&ftnmzim 

U JCC ^^«®$rfflV^^i^MiS3t=*-rfefgii 
SS±ITOfc2 0 kl^«<^j£SMprr-S> 5 x 2 0mm<7> 

x ^-^(v&mmfmmnmzimL fz. 

[0064] ftf . T i 0 2 S-? ( T^—feT. B*T 
xny>», 8B1H& ; r p 2 5 j , ; 2 5 n 

m. P2 5kV^> iZT-b^-JlsT^hy. -i *V 

im*. l^ffivStt^J (3f0i^b£*t§!L i$p a a£, ; I" T r i 
t on-Xj ) SrjDi.. ^LT«(*|g5<5>ii2 lUlfcffl 
(DX? 'J — ( P 2 5^^rfi ; 1 5K*%. felT, X7 

[0065]»:(:. P 2 5 k . U?JRtf5*gT i 0 2 ffr? 

( Ti~?~ fc\ WfSS ; 180nm, lilT. P 1 8 0 
2:V^) i:£fflVK P25£P 1 80kcO@4fcbb>\ P 
2 5 : P 1 8 0 = 1 : 1 k3r& J; LfzWMim&<?) 

xxv-ib mmcvmwtmiz x o . Pimm 2 3 

<7)X? U- ( P 2 5c7>#*a ; 7 . 5lf*%. P 1 8 0 
<7>#^r4; 7. 5|C*%. JHT, X5U-2i:tl,) £ 

[0066] mz. p 1 8.0 <7>&&m^*iimtmT£<D 
x^v-itmrnwrnM^amzj:*). n&m23Bim 

<T>X? y- ( P 1 8 0c7)#W* ; 1 5®*%. WF. X 
x l J — 3b~t& ) fcSSKLfc. 
[0067] — ) 
±^7-y*K-r$il^Sn0 2 #«M3 (jg|JS ; 7 0 
Onm) im^.Ltzmmmmi (JS£; l. lmm)J 
mffiLlz. *LT. ^^)Sn0 2 #«J13±{C. _B&0 

-e^ft. 4 5 0°C(?gktt-cr>i>bX'3Qtt 

[0 068] mz. XyV-2RV : X^VSt:m^X 

zcmmbimbzmvmtz.bizx'') . sno^i 

IBLttll 5 tejjr*-¥S»HHi 2 k PlttO^cO^f*^ 
H (S7»«ff ; 1 . Ocm*. J1J5; 1 5//m. & 
rt£S<9Jl2 K^ifi!; 5jum, flgpJI 2 3 ; 5 M 



[0069] ^cOflL ^#^cOSM(Cfe^^OT<^) 

i 5 £lt mm&mbLxj\^r-^ 

-Mh^ [cis-Di (thiocyanato)-N,N , -bis(2,2'-bipyridy 
1-4,4'dicarboxylic acid)-ruthenium(II) ] 2rfflV\ Z 

ti(7m?s-)umm (mm&m<7)mm ,3x1 o-*mo 

iSU 8 0°C<0iaJK^frc7)ti:X'2 0^ScaL^„ d 

ttizxo. i mi*m&2<Dftmzmm&mi:%)i . ox 

10-'mo l/cm*im2-&z. BHHKEEVo 
c£fo±z-tt&fztblz. ;^->>Ali^i8#f^^>i|^^ 

[0070] ±ieco3Kfiffii: H«<Wg«fc*# $ 

*$^^B^^^-7^.^g ( P t^coJS? ; 3 n 
m) fcfEKUfc. *3t. W»®EfcLT. 3»>^ 3^ 

"Ti^t. 2btt&CEbX1— ^-SSr^-L 

[007 1 } (HJ6M2 ) ^^«@^>Sit^l^T^)J: 
OH 2 Lfc^«@ 1 OSIX0 3 L^feStliSS 

±nm«!2 0 b mmcvffifcztt&tmmRxf&mmm 
w±®mm*fmLtz. 

[0 07 2]$fe-f. P2 5fc. P180i:^ffl^. P2 
5 k P 1 8 0 bcDWAittf. P25:P180 = 7:3 

b tnh x 5 iz Ltztmimmcryx ?v-ib mmomm 

5-MtzJ: r) x rtgJJil 2 3i»X7 »J- ( P 2 

« ; 10. 5M%. P 1 8 Otf^T* ; 4 . 5®i 

[0073] BU^X5U-l^«fflL-C*rt 
^OS2lSr^L. X7 9-4^fflLTrt^ii2 3 
ZB&L. m^(OX 7V-2*mm I TS^hSCOS 2 2 
SrJBlS L/c . J^MiUffiM 1 k P}«{= LX , SnO z i 

TOJitH i izvk-?*mimm2 b mn(Dffif$.<7>¥&»fa 

mcr>m2lcom&; 5^m. 2 3 J? ; 5^ 

m„ m\-m<r>m2 2<7>mw-; 5^ m > zb&l. 

[0074] ( HM^J 3 ) ¥&frtt&«>a@i ^WTO J: 

d^LTfifo^ikJjwMi. m&mi bmm^mitzx 
vmiiz^k Ltzxmm 1 o&ixs 3 L^fefgti^s 
*i^m?fi2 0 b mm<^f&z?i-rh%m&&.if&mmm 
mmm^imLrz. 

[007 5] *-b?ls-7PUz. T i s-^-tf-ft^a 
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(mm. ry^-rm) £A*u m&n&mgmrizte 
we. m^tihT i o z mT<v&i&ikt:mftz it&zt 

fci: 0 » ¥ifeM#"2 7 n m<7)T i 0 2 f^ ( T±9- 
JST. P27£V^) £-£tf3cM HjSJft (WT. 

mm 1 1 p}«^«i^ j; o . was**' 56n 

F?g?g (JTF. F*g?g2i:V>d ) , 

g#l 1 2 nm?>T i (Ti-f— fe\ JBIT. P 

1 1 2fcn5> *#tr=»D-f F*ME <£IT, 3^ H* 
iS3fcV^d) „ 1 98nmOT i 0 2 g[^ 

(T*-*— fe\ BIT. P198tV^) *#tf3o-f H 
8ft (JiTF. 3D-f F«JK4fcv*d) fciSHLfc. 3r 

a. ztit>(Dtt4 mmi~~4t,zivkti&Ti o 2 n 

C 0 0 7 6 } mz. nn-f F^?K 1 —4 O^tl^tUzft 

Lxmmmi^mm^^tttcLbizx ot i o 2 &^ 

i. S £ f: le J: 0 MTlZ7f?t'*.-x h Srpfg Lfc. 
[ 0 0 7 7 } -r^*»*>. 3D>fKiffaiSttiLTP2 
7tf)*£"£tf*— X h ( P 2 7 ; 1 2&&%* 

LT P 2 7 k P 1 9 8 k coMMJtZ P 2 
7 : P 1 98= 7 : 3 i: Ltz^—Z. h (JilT. 
2fcV^d) , rm-f FS8ElS.tf=?o>f KjffiK4£ttffl 
UP27tPl 9 8i;^)WAH:2rP2 7 : PI 98 = 
l : ULfc^-xh (BIT. ^-xh2k^o) 

[0 0 78} ^LT. ^-XMJftlW)i21(^ 

-*hl~3£-X?U->l$JKIt*:£fcJitfMi. £ftftl 

1 fc RK^Jftck 0 . 3>!l!tfi 1 ±lzm l fcjjcf 
ttffi 2 ¥3l#iEffi 2 t PI«O<gB£<0^«sSfii ( 
OffifX: 1 cm 2 . MW; 1 2jitm. ©|*]£ff<7)J12 lO 
MW- ; 4^m. f*jgB/l2 3<7>JfJ¥; 4/zm. ftftttOfi 

2 2comm ; 4 ^m) 

[0079] ( ) ¥ttfraK>aGft*£lTe> i 
3 1 LTfTr>7t£ fcJJWIi, ^SSflBJ 1 k &8<WfMtz£ 
*) Hi (c* L*rft«® l 0 &tX® 3 tc* LfcfeSiiJgg 

[0080] -r^r*>*>. HSSWl3tzt5V^TfflV^^-^ 
b25rS^gI5cOil2 1 tfflBfcfcffl^fc. IWJ3 
K&^TfflVV^-X h 3 5: l*lSBJl 2 3 O^JfcCiJB^ 



fc. Set. 3D-f K?§*g4 LT P 1 9 8W^Sr-i- 
tK<-X h ( P 1 9 80-irWi ; 1 2««%. UT. ^ 

[008 1 ] *LT» ±IB^#^-Xh^X^'J-yEp 

S 1 ±tE 1 fc*K*-¥3WHM6 2 ISiao^^^fr 

(S3l£M<7)fflW ; 1 . 0 cm 2 . J1J5 ; 1 2//m. 
©rtSgOS2 lomm ; 4^m. F^^2 30SJS;4 
//m. m\-%Z<7)m2 2<DmJ9-; 4 um) Zm&LLtz. 

[0082] ( mm 5 ) ^mwrnm^mm z mtox 
oizLxft-ytezkwm. mmmi kmmeyfmizx 

0 m 1 fcij? Lfc3K«ffi 1 0S.t>H 3 tc* L^-fe«lfi^ 

[0083] -t?£t>ib. mmm3iz&^xmmLttu 

4 mm 1 RVztuJ mm. 3^^fflLTP27i:Pl 

1 2i:c7>MiikSrP2 7 : PI 1 2 = 7 : 3tU^- 
x h ( P 2 loy^^m ; 8. 4MM%. P 1 1 2?>^r 
*; 3. 6«i%. J^T. ^-^.b5tv^ ) *mm 

l. z.ti*mftu<?>m2icr>mmzm^i r z. 

[ 0 084 } it^ mmM3tz}5^xmMLttu4 K 
8?S1&IA'3-D^ K8?g3SrffiSLTP27hPl 1 2 
kcr>MMjt$:P27 : PI 12=1 : It Lfc^-^h 
( P 2 7<?>ttm ; 6WM%. P 1 1 2<7>#W* ; 6® 

■ 2 3«jfttfcffiHfc. IIC, H*60lJ4fcfc^Ti^t 
Jt^-X N 4 SrfflV>TS^OJI 2 2 £JBj£ L^. 
[0085] -eLT. ±ie^^-^.h^X^U->B] 

fi i ±izm i tc^-^Nwwtt 2 fc mmoffif&ommft 
mm (%%ffi<7)wm ; 1 . ocm*. mm ■, i2^m, 

gf*lgBc7)J12 lcomm ; 4^m. ^«2 30SJJ;4 

/xm. m\-&com2 2cr>mm; 4^) ^^l^. 

[0086] (HMM6) HJ6{aj3£:mvciSML*:P 

2 7^*»A,^r^'<-XMS-fflV^-Cgrtgpo®2 IS: 

^2SrffifflLTP5 6cO^S-^-tf<-Xh (P56c?>^ 

1 2M*%. iar. ^-^.h7iv»a ) zmm 

KfcWtliSSILfcP 1 9 S^t&^^S^-X h4S-ffl 

^xmi&vym 2 2«»*fcfflv^. 

[0087] fUT, ilB^^-XhS-^^U-^Ep 

m@ 1 ±izm 1 (ciKt-¥#ffcmffi 2 1 mk^m&imm 
mm <.%%m<omm ■. 1 . 0 cm 2 . mmi 2^m. 

S:rt^® 2 ; 4//m. rtgp®2 3<0®Jf: ; 4 

[0088] am&ii) mmmuzm^tzx^v-i 
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<DWm ; 1. Ocm*. JfJf : 1 Sum) fcfBRLfci 

1 ajSQHES 1 i^MTP. 3^\m*)^-t 
[0089] (Jt8H?92) SHt09lf3l!vvfc.X?>J-l 

#*; 4oii%, kit. xyvst-rz) zmmL 

a>£$:.2>¥#ft«ffi (^3Kffl<^HW; 1 . OcmM 

[00 9 0} (Jt«^t3> Htt0H'(ZfflV^X?U-4 
C0M« ; 1 . Ocm 2 . JUS; 15^m) SrfEML*:.! 

4cmmmmi±^com^. 301*0 ss-t 

[009U ( jmrpn > nss0ij 3 izm^fc^-x h 1 

cOfflt ; 1. Ocm*. J1JS; 1 2^m) ^#ILiti 

[0092] at®M5) mmm4izm^ti^-^h4 

<^mm; 1. Ocm*. JfS; 1 2 .urn) JfflUC: 

[00 93] (Jt3g0«6) ^Jfefi?!lllCfflV^^.-Xh2 
<7>WI; 1. Ocm*. jfj? ; 1 2^m) ^fffjLfei 

2 am.m%m 1 ±.^wm. sat*. ^«i3H]^oii-r 

[0094] (JtH$#J7) HI6M3t:*JV>T»«L3fe3 
o-f F*»iatf=m-f K*»2*«fflLTP2 7 i: P 



5 6£?>S:tfct£P2 7 : P5 6 = 7 : 3£ Lfc^-X 
h (P27^^i; 8. 4Stt%. P 1 1 2^* 
fi;3. 6«S%. £TF. ^-Xh8hV^ ) £iHML 

I/am vmwi2zmmLTP27 tP56t<7m&it 

&P27:P56=l:lfc L^^-X h ( P 2 7<0^ 
: 6STfi%. P 5 6<7>#?ri ; 6»i%. £TF. ^ 
-Xh9i:^) SrgWKLfc. jgfc. HifetfiJ 3 fcfc 
i^Unn^ h'j§^2^^fflLTP 5 6<^£-g-tf< 
-XKP5 6<rrk^m. ; l 0 0«4%. ^-x 

[009 5] -eLT. ^-Xh8£J8wtgF*JgiS<7)Jf 2 
l£J&£L. ^-XF2£fflW?:i*|gpJi2 3S:^j£L. 
^-XM 0^fflV^tftJFM2 25:Ml, 300 
S^^^^^fifcmffi (^3fcBoOffl» ; 1 . 0cm*. 

mm-. 1 2^m> nmLt:z.k&jM±* mmmi tm 
[oo96> (jt^M8 ) mMMiiz&^xmmtKP 

2 7 <r>?>.fr L>*ch s<—x MSrfflv ^XMmWM 1 

^htci 0«F*I^®2 1 ^»jRL3t. MtC. Hffi0»4 
(=feV>TP»L3tP 1 98<?)W^S'<-Xh4^ffl 
V^T«P ( =lgPS2 l±tcX^>J->EpSii^J:SM^ ^ 

[0097] -?• L-T. HMMlfc[5l«0¥JiIfcJ: 0 . jS 

(S^tE^ffi^ ; 1 . Ocm*. jgyji 2^m s 
ftp^^^e 2 1 <7)®ff ; 8 m % »M&<7>m 2 2<7>m 
m; 4um) ZMj&Lti. 

[0098] [wmmmmi mmmmm^^K 

(73A1,& d b «; TWXS-8 
5-HSj ) S:fflV\ AM7-(/^-(AM-l. 5> 
SriiLTt^f-fey yyyyfrt, 1 0 0mW/c m2<o^m 

m^xmsn-mmrtiZMmL. msm& (v oc / 

V) . ®&Wfi£. ( I s c/mA cm-*) , ffilSH^ 

(f.f.) aifx^Mf-^jKws (v/%) **#>tz. 
mmm 1 -hjs^j 7 s it^j 1 -ifc^s <?>&&mmm 

[0099] 

mi) 
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I sc 


Voc 


F.F. 


V 




/m A • cm" 2 


/v 




/% 


mmmi 


13.0 


0.71 


0.69 


6.37 


mm 2 


13.2 


0.70 


0.68 


6.28 




14.7 


0.71 


0.69 


7.20 




14.5 


0.72 


0.70 


7.31 




14.8 


0.70 


0.68 


7.04 


IS6S0II6 


14.6 


0.72 


0.69 


7.25 




11.1 


0.67 


0.63 


4.09 




11.3 


0.67 


0.63 


4.Y7 




12.1 


1 0.68 


0.65 


5.35 


ifc«0M 


11.7 


0.67 


0.62 


4.86 


Jt«H*}5 


10.0 


0.72 


0.67 


4.82 


tfc«H*!6 


15>.8 


0.68 


0.63 


5.49 




12.6 


0.68 


0.64 


5.48 




10.8 


0.68 


0.65 


4.77 



[ o i o o } m \,z^Ltzm%:frhtyt>fr%2i o iz. m 
mm i ~~mmm e ^mmmm^mmm^^j^-^ 
tmm viz. ztiZ'tiiz*im~t&imM i ^smwi s <n 

[0 101} 

^mm^mm-^^mi^mmmzio^xm^t/tmt^ib 

imi } ^mmytvm^m-mtmm^-tm^mm 
cm2 } Muzhik Lfzmm i o o (mft^Wim^mm 
[H3 1 01 iz^Ltzftmmzmtt&mmmm^w. 



[04 } *micvmmc^-mtmmcr>¥mtimm<7) 

[06} ^m<7)^mmcommmmmm^mimM(7) 
[07 } 0 1 Ltz%mMmL<^mmm^-tm3^ 

i-jS5«i> i-m^mmm. a- 

10, 11, 12, 13, 2 0- 

<7>/f. 6 3-l^iil, 10 0-*lSlO<7«*i«. 
CE-*ffi, E-H8?5f, Fl, F2, F3, 

12-fiSL^ pi ■■•mfitemim?* P2-« 
tF. s-x^-- 9--. 



[01} 



[03} 



F3 



F2 



L10 



10 



100 
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[02] 



[04] 



3— t- 



[21- 



23 



22 




-too 




[05} 



[06} 




, — 

t 1 


L L' 
) 


10 1.12 




IM7) 



14 



F3 



/ 



F2 



\v\vv\\v\\\N\vv\vvvA\\ 
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cmfttm mm 

(72)«HB# * fftt 



(72)HBB# Sffl 

F?— 5F051 AA14 CB29 DA20 FA03 

5H032 AA06 AS16 CC14 CC16 EE02 
EE07 EE16 HHOO HH01 HH05 



